sedimentation is used to separate monomeric and cohesed (dimeric) minichromosomes 5 . Interestingly, about 50% of minichromosome dimers were converted into monomers after incubation with 0.5 M KCl, in contrast to a previous report describing cohesin binding to chromatin to be resistant to 1.6 M KCl 12 . Importantly, upon cross-linking of the dimeric but not the monomeric fraction, covalently closed cohesin rings caused the appearance of dimeric minichromosomes that were resistant to protein denaturing conditions (1% SDS, 65 °C). If these SDSresistant dimers represented sister DNAs entrapped by covalently closed cohesin rings, then proteolytic cleavage of the cohesin ring should be sufficient to release the monomeric DNAs. Consistent with this notion, opening of the cohesin ring by proteolytic cleavage at the Smc3-Scc1 interface resulted in strong reduction of minichromosome dimers and increase of monomeric DNAs. Therefore, covalent circularization of cohesin is sufficient to hold sister DNAs together. Further experiments and estimation of the efficiency of the cross-linking allowed the authors to conclude that sister DNAs are trapped within a single cohesin ring.
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Recent studies of sister chromatid cohesion have revealed its remarkable complexity, with multiple levels of regulation and many players involved 10, [13] [14] [15] [16] . Although the observations from Haering et al. provide strong evidence for the topological interaction between cohesin and chromatin, it will be important to apply additional approaches, such as in vitro reconstitution and emerging microscopy techniques, to shed more light into this fundamental aspect of biology. It remains to be tested whether this mechanism is unique to yeast minichromosomes or applicable to chromosomes in higher eukaryotes. It will also be interesting to analyze whether other related protein complexes, such as condensin, have similar activities. Moreover, binding of cohesin to chromatin can be very dynamic 17 , but a stable association of cohesin with chromatin is required for sister chromatid cohesion. Thus, a major challenge will be to find out how cohesin associates stably with suggests that the oligomerization occurs by interaction between head domains of two different Smc heterodimers. Such cohesin complexes are proposed to form filaments that mediate sister chromatid cohesion. The snap model proposes that each Smc complex can bind a single strand of DNA and that sister chromatid cohesion is mediated by the interaction of the coiled-coil or hinge domains between two Smc complexes. Although many observations are consistent with the oligomerization models, compelling experimental evidence to support them is lacking. Nevertheless, these alternative models have greatly stimulated the progress in the field, and it will be important to test whether oligomerization of cohesin complexes contributes to sister chromatid cohesion.
Haering et al. now provide the best piece of evidence so far supporting the model that the cohesin ring holds sister chromatids together by entrapping sister DNAs inside its ring 11 . Importantly, their results are not compatible with the possibility that cohesion between the sister DNAs of circular minichromosomes is mediated by nontopological interactions between cohesin complexes.
If the ring model is true, and the association between the cohesin and sister DNAs is topological rather than physical, then covalently closed cohesin rings should hold sister chromatids together even after protein denaturation. If oligomerization of cohesin complexes is essential for sister chromatid cohesion, protein denaturing conditions should destroy cohesion between sister chromatids (Fig. 1) . Haering et al. took advantage of the available crystal structures 1, 3 to engineer cysteine residues that efficiently cross-linked the Smc1 and Smc3 hinge domains, as well as the Smc1 head domain and Scc1, in the presence of cross-linking reagents. In addition, a Smc3-Scc1 fusion was used to close the third interface. Though the cysteine substitutions did not interfere with the cohesin's function, the Smc3-Scc1 fusion was only partially functional. To isolate minichromosomes, Haering et al. used an elegant protocol developed by Dmitri Ivanov in which velocity gradient During cell division, the two sister chromatids are held together by the cohesin complex until the onset of anaphase, when a protease called separase opens the cohesin rings. This releases cohesin from the chromosomes and allows segregation of sister chromatids to opposite poles. Cohesin-mediated sister chromatid cohesion is essential for proper attachment of sister kinetochores to microtubules emanating from the opposite poles and for subsequent segregation of sister chromatids. The cohesin complex is a tripartite ring in which the Smc1 and Smc3 proteins are connected by their hinge domains on one side and the Scc1 protein (also called Mcd1 or Rad21) closes the ring by connecting the Smc1 and Smc3 head domains on the other side. The ring shape of the cohesin complex, which is large enough to embrace two sister chromatids, led Haering and Nasmyth to propose that the interaction between cohesin complexes and DNA is topological, with one or both sister chromatids trapped inside the cohesin ring; this idea is referred to as the ring or embrace model 1, 2 . The ring model not only provides a simple explanation for how sister chromatids are held together but also explains how separase destroys cohesion at the metaphase-anaphase transition.
Several lines of evidence support the ring model [1] [2] [3] [4] [5] . One of the most compelling arguments is that cohesin can be released from a circular minichromosome by linearizing the minichromosome with a restriction enzyme 6 . However, there has been intense debate on the molecular mechanism by which cohesin mediates sister chromatid cohesion, and alternative models have been proposed [7] [8] [9] [10] . Oligomerization models suggest that sister chromatid cohesion is generated by association of several chromatin-bound cohesin complexes. The bracelet model n e w s a n d v i e w s chromatin-is this simply due to the passage of DNA through the cohesin ring? Recent evidence suggests that acetylation of the Smc3 subunit by the Eco1 acetyltransferase has an important role in stabilizing sister chromatid cohesion 18 . However, the function of Eco1 can be bypassed and sister chromatid cohesion can be established in the absence of the Eco1 acetyltransferase 19 . New findings suggest that cohesin has an important role in cells with unreplicated chromosomes, where it regulates gene expression [20] [21] [22] [23] [24] [25] . It will be exciting to explore whether this involves trapping individual chromatin fibers by cohesin rings, or whether it reflects a new function of cohesin distinct from its ability to mediate sister chromatid cohesion. 11 tested the models by using cross-linking agents to create covalently closed cohesin rings (b,c). They argued that if the ring model is correct, covalently closed cohesin rings should hold sister chromatids together even after protein denaturation (b). On the other hand, the oligomerization model predicts that protein denaturation would destroy sister chromatid cohesion (c). Treatment with 1% SDS at elevated temperature (65 °C) unfolds the secondary structure of proteins. This results in disruption of protein-protein interactions, whereas covalent bonds remain intact. Haering et al. 11 observed that upon cross-linking, covalently closed cohesin rings rendered dimeric minichromosomes resistant to these protein denaturing conditions. This observation is consistent with the ring model (a,b), but not with the oligomerization model (c). n e w s a n d v i e w s
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